Background A large-scale study was performed to identify the risk factors for developing synchronous and metachronous colorectal cancer (CRC) in gastric cancer (GC) patients, including microsatellite instability (MSI) and p53 overexpression. Methods A total of 1041 GC patients who underwent endoscopic resection or surgery and underwent colonoscopy simultaneously or during surveillance for GC were consecutively enrolled. Clinicopathologic characteristics, MSI, and p53 overexpression were compared between the GC patients with and those without synchronous and metachronous CRC. Results Of the 1041 patients, CRCs were detected in 67 (6.4 %) patients with GC. Forty-six (4.4 %) had synchronous CRC and 21 (2.0 %) had metachronous CRC. Univariate analysis indicated that age C63 years (P \ 0.001), male sex (P = 0.005), and p53 overexpression (P = 0.040) were significantly associated with a higher incidence of CRC. However, body mass index, smoking, tumor location, tumor multiplicity, tumor histology, TNM stage, and MSI were not significantly associated with the incidence of CRC. Age C63 years (OR: 5.881; 95 % CI: 3.083-11.221; P \ 0.001) and male sex (OR: 2.933; 95 % CI: 1.307-6.584; P = 0.009) were risk factors for CRC in GC patients according to multivariate analysis. Conclusions GC patients who are male and/or C63 years old are recommended to receive colonoscopy to detect CRC. MSI and p53 overexpression were not useful molecular markers for predicting CRC in GC.
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Introduction
Due to recent advances in diagnostic techniques and treatment modalities, the overall survival rate of gastric cancer (GC) patients has significantly improved. Their prolonged survival has resulted in an increased chance of a second primary malignancy in GC patients. Therefore, it is important to recognize the characteristics of these patients with multiple primary malignancies in order to detect and hopefully cure the second primary malignancy as early as possible.
Previous studies have demonstrated that 3.4-5.9 % of patients with GC have a secondary primary cancer, and colorectal cancer (CRC) is the most commonly diagnosed secondary primary cancer in patients with GC [1] [2] [3] [4] . In previous studies of synchronous CRC that was screened for using colonoscopy in GC patients, 2-5 % of patients were found to have second primary CRCs, depending on the patient's election criteria and the time of colonoscopy [5] [6] [7] [8] [9] . Those studies emphasized the importance of screening colonoscopy for patients diagnosed with GC, but guidelines for screening for CRC in patients with GC have not been established yet.
GC is the most common extracolonic malignancy associated with Lynch syndrome (previously referred to as hereditary nonpolyposis colorectal cancer) after endometrial and ovarian cancer [10] . The mechanisms underlying the development of GC and CRC remain unclear. GC arises not only from the combined effects of environmental factors [Helicobacter pylori (H. pylori) infection, consumption of salted and nitrated foods, and smoking] and genetic susceptibility factors but also from the accumulation of genetic and epigenetic alterations that play crucial roles in the process of cellular tumorigenesis. H. pylori infection plays a major role in gastric carcinogenesis, with geographic differences. Worldwide, the incidence of GC is high in countries with a high prevalence of H. pylori infection; the prevalence of H. pylori infection among patients with GC is also significantly higher than that in normal control patients [11] . Sporadic CRC arises through the aggregate effects of multiple genetic mutations and epigenetic alterations involving genes that regulate cell growth and differentiation, and there are distinct mechanisms for sporadic CRC: chromosomal instability (CIN) by activation of oncogenes and inactivation of tumor suppressor genes, microsatellite instability (MSI) by inactivation of a DNA mismatch repair gene, and the serrated pathway [12] . Dietary factors such as low intake of fruit, vegetables, or fiber and high intake of red meat, saturated fat, or alcohol as well as lifestyle factors including lack of exercise, smoking, and obesity are known to be associated with an increased risk of CRC [13] . Considering the pathogenesis of GC and CRC, possible reasons for the association between GC and CRC could be an overall greater predisposition to cancer due to the similar environmental and genetic factors that contribute to these two cancers. In previous investigations of colorectal neoplasm (colorectal adenoma or cancer) in GC patients compared with those in healthy controls, the number of patients with GC was too small to allow significant risk factors for CRC to be identified.
Thus, we conducted the study reported in the present paper to compare GC patients with CRC to GC patients without CRC in order to determine the risk factors for developing CRC in GC. We enrolled a large number of patients for the study and evaluated whether MSI and p53 overexpression are suitable genetic markers for predicting the risk for CRC in GC.
Materials and methods
Medical records of 1041 patients with GC who underwent endoscopic resection or surgery and received colonoscopy simultaneously or during the follow-up period at Seoul National University Bundang Hospital between June 2003 and December 2013 were retrospectively reviewed. Concurrent colonoscopy for GC patients has not been routinely applied in our center. Patients were excluded if they met more than one of the following criteria: (1) past history of gastric or colorectal cancer; (2) past history of gastric or colorectal resection; (3) family history of CRC in firstdegree relatives; (4) familial adenomatous polyposis; (5) inflammatory bowel disease. This study was approved by the institutional review board of Seoul National University Bundang Hospital (IRB number: B-1504-296-116).
Personal history was also acquired by reviewing medical records of smoking consumption habits, comorbidities such as diabetes mellitus and hypertension, any history of any other primary malignancy, any family history of GC in first-degree relatives, and any history of H. pylori eradication therapy. As all of the patients had already been enrolled through other cohort studies, this history was easily acquired. The patients were classified into those who had never smoked, past smokers, and current smokers according to their smoking histories for the previous 6 months. Their height and weight were checked at the time of endoscopy, and their body mass index (BMI) was computed as the weight in kilograms per square surface area in square meters (kg/m 2 ). According to the International Obesity Task Force criteria for the Asia-Pacific population, BMI scores were classified as follows: normal (\23), overweight (C23 and \25), or obese (C25) [14] . The location, size, histologic features of the tumor, and TNM stage defined according to the 7th edition of the AJCC Cancer Staging Manual were determined [15] . In patients who underwent surgical resection, T and N classification were assessed based on the final pathological result, and M classification was determined by surgical findings or computed tomography (CT) results. In patients who underwent endoscopic resection, T classification was based on the final pathologic results and N and M classification on the CT findings. Early gastric cancer (EGC) was defined as a tumor that was confined to the mucosa or submucosa regardless of lymph node (LN) involvement. Advanced gastric cancer (AGC) was defined as a tumor that invaded the proper muscle or beyond. Synchronous CRC was defined as a CRC that was diagnosed within 6 months before or after GC detection, while metachronous CRC was defined as a CRC that was detected more than 6 months after GC.
Helicobacter pylori infection status was determined by modified Giemsa staining, culture, rapid urease testing (CLOtest, Delta West, Bentley, Australia), and serum IgG specific for H. pylori, which were measured by an enzymelinked immunosorbent assay (Genedia H. pylori ELISA; Green Cross Medical Science Corp., Eumsung, South Korea). If any of these tests aside from serology gave a Clinicopathologic features of gastric cancer with synchronous and metachronous colorectal… 799 positive result, the patient was judged to be currently infected with H. pylori. Only when all of the test results were negative and there was no history of H. pylori eradication was the patient considered to be negative. To test for MSI, tumor DNA was extracted from paraffin-embedded tumor tissues from individual patients. Normal DNA was extracted from the surrounding normal tissue. Five microsatellite markers (BAT-25, BAT-26, D2S123, D5S346, and D17S250), recommended by a National Cancer Institute (NCI) workshop on MSI, were used to analyze paired normal and tumor DNA [16] . Polymerase chain reaction (PCR) was performed using a DNA autosequencer (ABI 3730 genetic analyzer; Applied Biosystems, Foster City, CA, USA). The shift of PCR products from tumor DNA was compared to that of DNA from normal mucosa. The size of each fluorescent PCR product was calculated using GeneMapper software (Applied Biosystems). Based on the guidelines of the NCI, cases positive for C2 markers were considered to show high-frequency MSI (MSI-H), while cases positive for \2 markers were considered to show low-frequency MSI (MSI-L), and cases with no MSI were defined as microsatellite stable (MSS) [16, 17] .
We investigated the overexpression of p53 protein via immunohistochemistry. Sections 4 lm thick were cut from each cancer tissue block and then deparaffinized and dehydrated. Immunohistochemical staining was performed using an automatic immunostainer (BenchMark Ò XT, Ventana Medical Systems Inc., Tucson, AZ, USA) according to the manufacturer's instructions. The primary antibody used was mouse monoclonal antibody for p53 (DO7, Dako, Carpinteria, CA, USA). A positive result corresponded to staining of 10 % or more of the tumor cell nuclei [18] .
All statistical analyses were performed using SPSS software, version 20.0 (SPSS Inc., Chicago, IL, USA). Categorical variables were analyzed using the chi-square test and continuous variables by Student's t-test. Fisher's exact test was used when the sample size was small. For continuous variables such as age, a receiver operating characteristic (ROC) curve was used to acquire a cutoff value for stratification. Logistic regression analysis was performed to identify the risk factors for CRC. Odds ratios (ORs) and 95 % confidence intervals (CIs) were used to describe associations. A P value of \0.05 was considered statistically significant.
Results
A total of 1041 patients with GC were analyzed in the present study. There were 762 males (73.2 %) and 279 females (26.8 %) , and the median age of all patients was 59.66 years (range 27-89 years). Eight hundred ninety-one patients (85.6 %) underwent surgical resection and 150 patients (14.4 %) were treated using endoscopic resection. CRCs were detected in 67 (6.4 %) GC patients simultaneously or during the follow-up period; 46 (4.4 %) GC patients had synchronous CRC and 21 (2.0 %) had metachronous CRC (Fig. 1) . Among these 67 patients with both GC and CRC, none had a clinical diagnosis of Lynch syndrome. The time interval between GC and metachronous CRC ranged from 7 to 106 months, with an average of 28.5 months. Among the GC patients with metachronous CRC, 7 (33.3 %) patients were diagnosed within 12 months, 15 (71.4 %) patients were diagnosed within 36 months, and 18 (85.7 %) patients were diagnosed within 60 months after diagnosis of GC. Table 1 shows the characteristics of CRC in the GC patients included in the present study. Over the half of the synchronous and metachronous CRCs were early-stage disease (TNM stage 0 or I or II). Forty-nine (73.1 %) CRCs were located in the distal colon or rectum, and 61 (91.0 %) CRCs had well or moderately differentiated adenocarcinoma. Only four of the CRCs had MSI-H, and the corresponding patients were all [73 years old.
As shown in Table 2 , GC patients were divided into two groups according to the presence or absence of CRC, and the clinicopathologic characteristics of the two groups were compared. The mean age of the GC patients with CRC was 66.76 ± 10.40 and the mean age of the GC patients without CRC was 59.18 ± 11.42 years (P \ 0.001). When the cutoff value was obtained from the ROC curve in order to divide the patients into age-based groups, the optimal cutoff age for predicting CRC was found to be 62.5 years (with a sensitivity of 80.5 % and a specificity of 58.3 %; AUC: 0.711). When univariate analysis was performed for an age of 63 years old, the incidence of patients C63 years old was 80.6 % among the GC patients with CRC, which was significantly different (P \ 0.001) from the incidence of patients C63 years old (41.7 %) observed among the GC patients without CRC. There was a significantly higher proportion of males among the GC patients with CRC than among the GC patients without CRC (88.1 vs. 72.2 %, P = 0.005). However, other clinicopathologic characteristics such as smoking history, BMI, histology, and TNM stage did not differ between the GC patients with CRC and those without CRC.
Among all 1041 patients, 792 were examined by routine MSI testing. In these patients, there were 62 (7.8 %) with MSI-H. The proportion of the patients with MSI-H GC was not significantly different between the GC patients with and without CRC (8.1 vs. 7.8 %, P = 0.810) Overexpression of p53 was evaluated in 975 patients, and p53 overexpression was more frequently observed in GC patients with CRC than in GC patients without CRC (55.6 vs. 42.3 %, P = 0.040).
Only 180 patients who gave their consent to be tested for H. pylori in a related study (IRB B-1011/115-005) underwent all of the diagnostic tests for H. pylori infection status and were surveyed for a history of H. pylori eradication (Table 3) . Based on this small number of patients, negative H. pylori infection status was found to be more frequent in GC patients with CRC, but the frequency of negative H. pylori infection status did not differ significantly between the GC patients with and without CRC (30.0 vs. 11.2 %, P = 0.108).
Among the factors that were shown to have a significant association with CRC by univariate analysis, age C63 years old (OR: 5.881; 95 % CI: 3.083-11.221; P \ 0.001) and male sex (OR: 2.933; 95 % CI: 1.307-6.584; P = 0.009) were found to be significantly and independently associated with the development of CRC in GC by multivariate analysis (Table 4) . Overexpression of p53 was not a significant risk factor for CRC in GC patients (OR: 1.392; 95 % CI: 0.821-2.361; P = 0.220). H. pylori infection status was not included in the multivariate analysis because of the small number of patients who were evaluated for H. pylori infection status.
In addition, tumor histology was not a significant risk factor for CRC in patients with intestinal-type GC or diffuse-type GC (data not shown).
Discussion
The current study was designed to identify patients with GC who are at high risk of developing CRC. The incidence of CRC in the patients with GC was 6.4 % and the prevalence of synchronous CRC in GC patients was 4.4 %. Previous reports have revealed that GC patients present significantly higher frequencies of colorectal adenoma and carcinoma than the general population. The reported prevalence of CRC in the patients with GC ranged from 2 to 5 % [5] [6] [7] [8] [9] , while an Asian multinational survey showed that the prevalence of CRC in the general population was 1.0 % [19] . In the present study, 2.0 % of all GC patients Fig. 1 Flow chart of the study. GC gastric cancer, CRC colorectal cancer. *Tumor invades the muscularis propria layer or deeper had metachronous CRC, and nearly all of these CRCs (85.7 %) occurred within 5 years after the diagnosis of GC. Though there are no detailed screening strategies for CRC after a diagnosis of GC, based on our reports, it is also important to screen for CRC when GC is diagnosed or during follow-up so that the second cancer can be detected early enough to allow curative treatment.
In the present study, age C63 years old was significantly and independently associated with the development of CRC in patients with GC. Because cancer incidence tends to increase with age and CRC is more prevalent in males [20] , the high incidence of CRC in elderly patients and males was not surprising. According to previous studies, male sex [6, 21] , age C50 years old [21] , and smoking [6] were significantly associated with colorectal neoplasm (colorectal adenoma and cancer). A recent Japanese study including 1891 GC patients demonstrated that the prevalence of synchronous CRC in patients with GC was 3.2 %, and that multiple GC, anemia, and smoking history were risk factors for CRC in GC patients [5] . However, patients with a family history of CRC were also included in this study [5] and other studies [6, 8, 9] . Among all types of cancer, patients with CRC are the third most likely to have a family member with a history of the same type of cancer (nearly 13 % of CRC patients have a family member with a history of concordant cancer) [22] . Although we included a smaller number of patients with GC than the number included in a recent Japanese study [5] , patients with a family history of CRC in first-degree relatives were excluded, and our study comprehensively analyzed interesting issues such as the relationship between CRC and GC with regard to MSI, overexpression of p53, and H. pylori infection status.
The mechanism underlying the development of concurrent GC and CRC remains controversial. One explanation could be the same genetic alterations in GC and CRC, such as APC, p53, DCC, and K-ras [23] [24] [25] [26] [27] [28] [29] . Additionally, MSI is thought to play an important role in gastric and colorectal carcinogenesis [30] . Thus, MSI and p53 were evaluated in the present study.
MSI is caused by impairment of the DNA mismatch repair (MMR) system. In sporadic CRC, DNA MMR deficiency is acquired mainly as a consequence of epigenetic transcriptional silencing of MLH1 via hypermethylation of its promoter [31] . DNA methylation is an agerelated phenomenon and MSI-H sporadic CRCs are more frequent in the elderly [32] . In GC, the frequency of MSI has been reported as 8-37 %, depending on the cases and the number of markers examined [33, 34] , and some reports indicate that patients with GC with MSI show an increased risk for developing double primary cancer [3, 35] . Previous studies on the development of CRC in GC patients did not assess MSI status. As far as we are aware, this study is the first to address the issue of whether MSI is a useful marker for predicting synchronous and metachronous CRC in GC. Disappointingly, MSI-H was not significantly associated with the development of CRC in GC. There could be two reasons for the lack of a significant association between MSI-H and CRC development in GC. In our study, 7.8 % of GC patients showed MSI-H, which is lower than the corresponding percentages reported in other studies [33] ; however, the number of GC patients with MSI-H in the present study was relatively small. Furthermore, the carcinogenic pathways differ for GC and The data in parentheses are percentages WD well differentiated, MD moderately differentiated, PD poorly differentiated, SRC signet ring cell carcinoma, MSI microsatellite instability, MSS microsatellite stable CRC. Most CRCs follow the classical adenoma-carcinoma sequence [23] , which is commonly accompanied by the CIN pathway, and approximately 15 % of sporadic CRCs acquire genetic alterations as a consequence of DNA MMR deficiency. In contrast, the adenoma-carcinoma sequence is not a major pathway in gastric carcinogenesis. The pathogenesis of gastric carcinoma is complex and multifactorial, with the importance of H. pylori infection varying in different populations. Therefore, the impact of MSI might be lower for GC than for CRC, although the role of MSI in GC is still unclear.
In Lynch syndrome-associated cancers, MMR deficiency results from a germline mutation affecting the DNA MMR genes (MLH1, MSH2, MSH6, or PMS2). In the current study, patients with MSI-H were not investigated for immunohistochemistry of MMR gene proteins and/or second-step tumor testing strategies (MLH1 promoter methylation or BRAF mutation testing). In fact, most MSI-H CRCs are sporadic. In addition, patients who had a family history of CRC were not included in this study, and four patients with MSI-H CRC were older than 73 years at diagnosis and did not have cancer in organs other than the stomach, so it was not necessary to perform further testing according to the revised Bethesda guidelines [36] . Consequently, it is unlikely that a patient with Lynch syndrome was involved in the present study. The p53 tumor suppressor gene appears to play a pivotal role in human carcinogenesis, and p53 is the most commonly mutated gene in human cancer, with alterations occurring in at least 50 % of human malignancies. Normally, wild-type p53 regulates cell cycle arrest, DNA repair, and apoptosis in response to oncogenic stress. In cells in the early G 1 phase, p53 triggers a checkpoint blocking further progression through the cell cycle, allowing the damaged DNA to be repaired before the cell enters the S phase [37] . If the DNA damage cannot be repaired, p53 induces apoptosis [38] . Therefore, direct mutations of the p53 gene or a loss of p53 function by its regulators allows a cell with damaged DNA to escape from normal growth, resulting in cancer development [39] . Because of the increased half-life of the mutant p53 protein compared with the wild-type p53, immunochemical overexpression of p53 protein in tumors has been interpreted as a surrogate for p53 mutation. In the present study, overexpression of p53 was significantly more common in GC patients with CRC compared to those without CRC, but it was not an independent risk factor for CRC in GC according to the results of multivariate analysis. As there is no report on the relationship of CRC in GC to p53 overexpression, these results of our investigation are important and require further study in a large population.
Another hypothesis for the development of CRC in GC patients is related to environmental factors such as H. pylori infection. Several previous investigations have studied the relationship between H. pylori and colonic neoplasms. A recent German study with 156,000 subjects showed that H. pylori gastritis increased the risk for CRC 2.35-fold [40] . In addition, H. pylori was found to increase the risk of colorectal adenoma in a Korean population [41, 42] . There are several speculations about this association. It has been assumed that H. pylori infection of the gastric mucosa leads to increased levels of serum gastrin, which may act as a growth-promoting hormone on the colon mucosa [43, 44] . H. pylori could act on the colon mucosa itself and affect polyp growth or promote the development of mucosa dysplasia. While H. pylori is generally considered to simply migrate through the colon, there is a small possibility that this bacterium could colonize the colon. In the present study, there was no significant difference in H. pylori infection status between GC patients with and without CRC, although the number of patients who underwent H. pylori infection tests was relatively small. Furthermore, H. pylori-infection-negative GC is extremely rare in Korea [45] , so it is difficult to ascertain the association between CRC and H. pylori infection.
GC and CRC are biologically heterogeneous diseases that can develop via a number of distinct pathways involving different combinations of genetic and epigenetic changes. The biologic distinctions between GC and CRC resulting from different etiologic pathways can make it difficult to evaluate the association between these two cancer types.
There are a few limitations of this study. There may be a bias in the current study due to the retrospective nature of the analyses. However, the patients in this study came from a GC cohort that had been collected prospectively and the large number of patients may have minimized the effect of selection bias. In addition, we did not exclude patients with a history of colorectal adenomatous polyps. Only GCs treated using endoscopic and surgical resection were included in this study. Advanced-stage GCs that underwent palliative chemotherapy or conservative treatment might have been selectively excluded, so the incidence may have been underestimated.
In conclusion, the incidence of CRC in patients with GC was 6.4 % and the prevalence of synchronous GC was 4.4 %. Regular colonoscopies on patients who have been diagnosed with GC are important, particularly for those who are C63 years old and men. However, p53 overexpression or MSI were not predictors for synchronous and metachronous CRC in GC. Large-scale prospective epidemiologic studies or studies on molecular pathogenesis are needed to further investigate the common risk factors for GC and CRC.
